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Abstract 
The national priority axis is increase of renewables (RES) use in Latvian Energy sector; therefore, new solutions for Electricity, 
Heat and Cold production are sought for. Solar energy is available at the same time when there is need to cool rooms, so Solar 
Cooling systems are suitable also for Latvian conditions. In Latvia such systems are not used yet, so it is important to assess the 
potential of these systems.  
The sunlight duration and intensity depends on the season, weather conditions and geographical position of a country. As 
compared with the annual global solar radiation incident on horizontal surfaces in sunny regions (2200 kWh/m2), in the northern 
Europe is half as much (1100 kWh/m2). The solar energy potential defined for Latvia as technically achievable by 2020 is: for 
electricity 0.01 TWh and for heat 0.04 TWh. 
As shown by experimental studies, the application of solar collectors in Latvia can give good results. The energy of solar 
radiation can be employed for 1700-1900 hours annually. Due to a gradual increase in the comfort level, the demand for space 
cooling will grow in the near future. Solar cooling can be an alternative for electrically-powered compression-type chillers that 
currently are the most common in the Baltic States. The solar cooling system installed in the Institute of Physical Energetic is the 
first of the type in EU which is built at the latitudes higher than 55 degrees of north. 
Taking into account the fact that there were no systems plants of this type at so “cold” latitudes, first of all the models in PolySun 
were to be validated, and a dynamic simulation program containing the five-years meteorological data was to be developed. The 
solar cooling system has been optimized using multiple simulations. The influence of the system's different elements on its 
operation is evaluated. The optimal model developed for the given climatic conditions is described.  
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1. Introduction 
The use of renewables (RES) occupies a significant part in the energy sector of Latvia and neighboring countries. 
Therefore, highly demanded are new solutions for production of electricity, heat, and cold using diversified RES 
including solar energy. In particular, cold production is important for maintaining an optimum indoor microclimate 
during the summer – e.g., in hotels and office buildings, manufacturing premises, etc., which have mainly concrete 
and glass structures and in which the technical potential of solar refrigeration and principles of sustainable 
development are not used in full measure.  
 Solar energy is available at the same time when it is needed for cooling, so Solar Cooling systems are suitable 
also in Latvia. In the summer (May-September) the average outdoor air temperature is here ~ +15°C with the 
maximum daily temperature in the range +15°C - +23°C (maximum average + 32.2°C) and average solar radiation 
of 1100 kWh/year [1]; the driving circuit of experimental equipment operates in the temperature range of 55 -95°C. 
Therefore, possible use, advantages and disadvantages of such a system taking into account reduced fossil fuel 
consumption for cooling are to be properly evaluated.  
Cooling is needed for 3000 - 5000 degree hours per year in the climate conditions of Baltic States, while heating 
– for ~ 90 000 degree hours. The heating season starts at the daily average outdoor air temperatures below +8°C. In 
turn, cooling might be required already at low outdoor air temperature and high solar radiation. At the temperatures 
in the range +8 - +16°C neither heating nor cooling is mostly required [2]. 
At the Institute of Physical Energetics (Solar Energy Testing Park) a Solar Cooling system with the cooling 
capacity of 8 kW is installed as well as measuring equipment and the operating data are monitored and the 
performance of technical equipment is being improved (Fig.1; Fig. 2). 
2. Methods and Results 
Thermally driven chillers start to work at a specified initial temperature at the inlet of heat production part. To 
estimate the operation of thermally-driven chillers using a solar collector, its heat output at fixed temperatures was 
determined. 
The solar collector yields above a definite temperature have been correlated to expedience of thermally driven 
chillers. As a result, it was found that it is possible to design the most appropriate system with the adsorption type 
thermally driven chillers as compared with one-stage and two-stage absorption chillers, which would be suitable for 
climatic conditions of Baltic States. 
The proportion of time needed for cooling at heat carriers over 55°C arriving from hot accumulation tank is more 
than 91% during a cooling season, and over 65°C – 85% of the time. In hot but cloudy hours an additional heat 
source is required. 
The rated power of the developed adsorption chiller is 8 kW, maximum cooling capacity is 11kW.  The heat 
obtained (mainly derived from the solar thermal system) was used for thermally-driven chilling. In our case the solar 
thermal system had thermal power 15kW at ǻT=70K and contained a 1m3 accumulation tank with a 8kW electric 
heater.  
A cold water buffer was used for peak alignment. For heat rejection we employed a 21kW wet cooling tower. 
Excessive heat from the solar thermal system is redirected for preparation of hot water, the consumption of which is 
designed in accordance with the monthly maximal productivity of solar thermal system in non-cooling season.  
A combined solar cooling and hot water production system has been designed as well as proposals for its further 
optimization defined. As the first priority, the thermal energy from solar collector is partly used for cooling thermal-
driven chiller purposes during a cooling season. 
This system enables covering up to 80% of the maximum cooling capacity, and its main features are the 
following: 
 - this system is used for cooling and hot water production. Therefore, it is necessary to choose solar collectors 
with lower heat loss coefficient (<1.5W/m2/K). This mostly increases the solar collector’s yield in a non-cooling 
season. Also, solar collectors with higher optical efficiency (Ș>0.74) have to be chosen for increasing the total solar 
thermal yield;  
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- based on previous studies and the data of Latvian Environment, Geology and Meteorology Centre on weather 
conditions the ratio of solar collector power at ǻT=70K to adsorption chiller power for the low-power and medium-
power solar cooling systems is found to be in the range 1.65 - 1.85; 
- annual cold production of solar cooling system is up to 230 kWh per kWp of adsorption chiller nominal power. 
For this, 560 kWh of thermal energy are used (mostly produced by solar collector).  In this process the re-cooler 
consumes 21 kWh of electricity for rejection of heat spent in the thermally-driven cooling process and of waste heat 
from indoors [3].  
 
  
  
Fig. 1. Solar Cooling System in the Solar Energy Park (Latvia). 
The most rapid development of solar cooling systems is in EU; therefore, mainly results of regional studies are 
discussed. The results for different EU regions have been analyzed through the basic model simulation of a given 
system. After evaluation of the results obtained, as the maximum productivity place was taken Spain 
(meteorological data for SR-South Region), and the location of the minimum productivity with moderate demand on 
cooling was taken Latvia (meteorological data for NR-North Region). 
Simulation results show that the yield of cold by the given solar cooling system is from 1.5 MWh/a in NR to 
3.7MWh/a in SR. The working time of thermal driving chiller is from 410 h/a for/in NR to 970h/a in SR. In the 
given study this yield includes the rejected heat from indoors. The heat rejection demand in a cooling season has 
been adapted to the space heating under certain climate conditions. The study is aimed at household and office space 
cooling and the cooling demand of technical processes not included.  
The above-mentioned cold production by thermally driven chiller mainly consumes heat. The heat supplied by 
generator is from 3.6MWh/a for NR to 10.3MWh/a for SR. Re-cooling heat from the wet re-cooling tower is from 
5.1 MWh/a for NR to 14MWh/a for SR. Both water and electricity are used during the wet re-cooling tower 
operation. Electricity is mainly consumed for the fan’s operation from 0.25MWh/a in NR to 0.6MWh/a in SR for the 
given heat rejection. The thermal efficiency of the wet cooling tower is from 16.9% (NR) to 22.6 % (SR). In turn, 
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for one MWh heat reject with the wet cooling tower from 0.043 MWh (SR) to 0.050 MWh (NR) is consumed for 
fan operation.  
 
  
Fig. 2. Principle scheme of solar cooling and hot water preparation. 
  
Fig. 3. Annual energy balance of solar cooling – hot water preparation system. 
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As seen from Fig.3, a higher heat energy proportion is covered by solar energy. For proper reflection in the solar 
cooling process an auxiliary heat source for hot water preparation is switched off in the cooling season. In this figure 
also the energy redirection to the hot water preparation is clearly visible. 
 
 
Fig. 4. Solar cooling and hot water demand (2013 year). 
The auxiliary heating is not necessary from the second half of April and in May, since all heat demand is covered 
by solar energy [4]. Cooling demand exists only during the summer months; therefore the solar cooling is powered 
only in a cooling season (Fig. 4). Chilled water preparation in a cold accumulation tank starts a few days before the 
beginning of the cooling season; hot water accumulation tanks are fully heated by means of solar collectors; the 
demand is covered even if solar collectors are not operating for a few days [5]. When the cooling season begins, heat 
carriers are supplied to the thermal-driven chiller at the maximum temperature, so that the adsorption chiller 
operates at full capacity. Within two days, the cold accumulation tank is fully chilled, while an additional heat 
source is not run at that time. The heat carriers in the cold accumulation tank are chilled from the indoor temperature 
to the minimum temperature (~ 8°C). Generally, the auxiliary heat demand for the adsorption chiller requires only 
0.6% of the total energy in a cooling season; the rest is provided by the heat produced by solar thermal systems. 
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Fig. 5. Electricity consumption of Solar Cooling System (kWh). 
Mostly electricity is consumed for fans in cooling towers in a solar cooling process (82% of the total electricity 
consumption for solar cooling processes during the year). Next in consumption of electricity are pumps: 16.6% of 
the total electricity consumption in the cooling season.  The highest consumer is the pump located in the re-cooling 
loop, because this loop has the highest energy flow (the observed ǻT in the flow-return is < 9 K). Some pumps can 
be switched off, and the system can operate on the thermosiphon effect with electrically-driven valves, thus reducing 
electricity consumption. However, in that case running the solar cooling system becomes much more difficult and 
the cold yield rapidly decreases.  
Each circuit has its own pump which can be separately controlled using definite programs from the common 
control unit. Each pump consumes electricity and creates potential energy – pressure and kinetic energy – flows. 
Besides, heat losses are released during the pump operation. One portion of the heat losses goes to the environment 
(mostly indoors), and other portion is transferred to the heat carrier. The kinetic energy is combined with the heat 
losses to heat carrier and creates the total energy delivered to the system from pumps that is from 7 to 31% of the 
consumed electricity in the solar cooling loops. The given ratio is dependent on the operating parameters, including 
the temperature of heat carrier. Itself, the thermal-driven chiller takes only 2.9kWh/a or 0.9% of electricity 
consumption (Fig.5). 
 
  
 
Fig 6. Energy balance of cooling process with adsorption chiller.            
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Fig 7. COP of Solar Cooling System in Northernmost latitudes. 
Fig.6 shows the main energy flows in a solar cooling process. Spending an average of 0.92 parts of heat energy 
and 0.08 parts of electricity it is possible to chill 0.38 parts of heat. Since the heat energy is almost completely 
provided by solar collectors, the ratio of the supplied fuel and/or electricity and the energy for chilling is almost 
similar to the above mentioned ratio. Water consumption for wet cooling towers is not included in the calculations. 
The total solar cooling coefficient of performance (COP) was close to 4.8, and during the year it varies from 4.6 
to 4.9 by month. To take a shorter period of time would not be correct, since there are days when only the hot 
accumulation tank is only heated, or only cold heat carrier is prepared, and space cooling is not required. In such 
cases, it is possible to evaluate thermal-driven chiller COP, while the system's COP evaluation is not required in 
these days (Fig.7). 
3. Conclusions 
Solar cooling is actual and profitable in the countries of Baltic Sea region. It is important to emphasize that solar 
cooling not only allows effective use of solar collectors but also significantly reduces fossil fuel consumption for 
cooling. Solar cooling makes it possible to provide comfort conditions at the workplace according to situation – it is 
easier than to ensure adequate temperatures indoors that would meet health standards, which is highly important for 
our country as well as for our neighbors.  
Annual cool production of solar cooling system is up to 230 kWh per kWp of adsorption chiller nominal power. 
For this, 560 kWh of thermal energy are used, with 89% produced by solar collector. 29% of the total solar 
thermally produced energy is spent in the adsorption cooling process, 60% - for hot water preparation, and the rest is 
heat losses. 
Generally, auxiliary heat request for adsorption chillers is only 0.6% of the total energy demand in a cooling 
season, the rest is provided due to heat production by solar thermal systems.  
Most electricity is consumed for fans in cooling towers in a solar cooling process and estimates 82% of the total 
electricity consumption for solar cooling process during a year. The next in electricity consumption is pumps: 16.6% 
of the total electricity consumption in the cooling season.   
Thermally-driven chillers require only 2.9 kWh/a or 0.9% of the total electricity consumption. 
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